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MEASUREMENT CYCLE DETERMINATION
DEVICE, MEASUREMENT CYCLE
DETERMINATION PROGRAM AND

METHOD THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage filing under 35 U.S.C.
371 of PCT/US2017/060798, filed Nov. 9, 2017, which
claims the benefit of JP Application No. 2016-224222, filed

Nov. 17, 2016, the disclosure of which 1s incorporated by
reference in 1ts/their entirety herein.

TECHNICAL FIELD

The present disclosure relates to a measurement cycle
determination device, a measurement cycle determination
program, and a method thereof.

BACKGROUND

Various techniques are known for efliciently and rehably
executing maintenance mspection work of various structures
such as bridges, levees, and tunnels, and also of buildings
that have various facilities such as air conditioning equip-
ment and electrical equipment. For example, Patent Docu-
ment 1 describes calculating an annual total load of a
building as a whole from an mspection load and 1nspection
cycle for one instance of maintenance mspection work per

piece of equipment; and determining a number of ispectors
necessary for the maintenance spection work needed for
the maintenance management of the building. Additionally,
Patent Document 2 describes displaying guidance informa-
tion, which indicates a position of a facility to be mspected,
on a terminal device used by an 1inspector; and displaying an
ispection checklist for the facility to be mspected on the
terminal device used by the mspector when the inspector 1s
close to the facility to be inspected. Moreover, Patent
Document 3 describes notilying an administrator 1n real time
ol 1spection results obtained by an inspector mspecting a
tacility on the basis of an inspection manual displayed on a
communication terminal.

CITATION LIST
Patent Literature

Patent Document 1: Japanese Unexamined Patent Applica-

tion Publication No. H10-301986 A
Patent Document 2: Japanese Patent No. 41073598

Patent Document 3: Japanese Unexamined Patent Applica-
tion Publication No. 2010-128717A

SUMMARY
Problem to be Solved

However, a technique has not been proposed for suitably
determining a measurement cycle at which to measure
cracks that occur 1n structures formed from concrete or the
like.

In light of the foregoing, an object of the present disclo-
sure 15 to provide a measurement cycle determination
device, a measurement cycle determination program, and a
measurement cycle determination method whereby 1t 1s
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2

possible to suitably determine a measurement cycle at which
to measure cracks that occur i structures formed from

concrete or the like.

Means to Solve the Problem

A measurement cycle determination device according to

an embodiment of the present disclosure includes a related
information acquisition unit configured to acquire at least
one of geographic mnformation including items related to a
geography of a site where a structure i1s located, weather
information including items related to weather at the site,
and structure information including items related to the
structure; a crack information acquisition unit configured to
acquire crack information related to a crack that has
occurred 1n the structure; a measurement cycle determina-
tion unit configured to determine, on the basis of at least one
of the geographic information, the weather information, the
structure information, and the crack information, a measure-
ment cycle at which to measure a width of the crack; and a
measurement cycle output unit configured to output a mea-
surement cycle signal indicating measurement cycle infor-
mation related to the determined measurement cycle.
The measurement cycle determination device may further
include a measurement cycle updating unit configured to
update the measurement cycle on the basis of the crack
information; wherein the measurement cycle output unit 1s
configured to output an update measurement cycle signal
indicating the updated measurement cycle.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
crack information includes image data representing an
image captured of a sheet aflixed to the crack. In such a
configuration, the sheet includes a first layer portion includ-
ing a first pattern that includes a plurality of line drawings
extending 1n a first direction, and a second layer portion
including a second pattern that overlaps the first layer
portion and that includes a plurality of line drawings extend-
ing 1 a second direction different than the first direction.
Additionally, a moiré occurs in the sheet due to first pattern
and the second pattern overlapping. Moreover, the measure-
ment cycle updating unit includes a crack growth width
estimation unit configured to estimate a growth width of the
crack on the basis of a comparison of the moire correspond-
ing to the image data acquired previously and the moire
corresponding to the 1mage acquired presently.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
crack information includes at least one of the growth width
of the crack and the width of the crack.

With the measurement cycle determination device
described above, a configuration 1s possible in which at least
one i1tem included in the geographic information, the
weather information, the structure information, and the
crack information i1s associated with a numerical value; and
the measurement cycle determination unit 1s configured to
determine a predetermined first cycle for the measurement
cycle when a total value of numerical values associated with
a predetermined item 1s less than or equal to a predetermined
first threshold value.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
measurement cycle determination unit includes a quantifi-
cation unit configured to quantily each i1tem included 1n at
least one of the geographic information, the weather infor-
mation, the structure information, and the crack information

as a numerical value representing a classification; a total
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value calculation unit configured to calculate the total value
by adding the numerical values quantified by the quantifi-
cation unit; and a first judgment unit configured to determine
the first cycle for the measurement cycle when the total
value 1s less than or equal to the first threshold value.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
measurement cycle determination unit 1s configured to deter-
mine a cycle shorter than the first cycle for the measurement
cycle when the total value 1s greater than the first threshold
value.

With the measurement cycle determination device
described above, a configuration 1s possible in which the
measurement cycle determination unit 1s configured to deter-
mine a second cycle shorter than the first cycle for the
measurement cycle when the width of the crack is less than
or equal to a second threshold value; and determine a third
cycle shorter than the second cycle for the measurement
cycle when the width of the crack 1s greater than the second
threshold value.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
measurement cycle determination unit further includes a
second judgment unit configured to determine the second
cycle for the measurement cycle when the total value is
greater than the first threshold value and the width of the
crack 1s less than or equal to the second threshold value; and
determine the third cycle for the measurement cycle when
the total value 1s greater than the first threshold value and the
width of the crack 1s greater than the second threshold value.

With the measurement cycle determination device
described above, a configuration 1s possible 1n which the
measurement cycle mformation includes at least one of the
measurement cycle, a date when next measuring the width
of the crack, and an alert indicating that a date for measuring
the width of the crack 1s closer than a predetermined date
threshold value.

The measurement cycle determination device described
above may further include a memory unit configured to store
the measurement cycle information for each of a plurality of
structures; a measurement path information generation unit
configured to generate, on the basis of the measurement
cycle information stored by the memory unit and positional
relationship information indicating a positional relationship
of each of the plurality of structures, measurement path
information including a path for when measuring a width of
a crack of each of the plurality of structures; and a mea-
surement path output unit configured to output a measure-
ment path signal indicating the measurement path informa-
tion.

The measurement cycle determination device described
above may further include a memory unit configured to store
the measurement cycle mformation for each crack that has
occurred 1n each of the plurality of structures; a weighting
unit configured to weight each of the cracks on the basis of
the measurement cycle information; and a weighting signal
output unit configured to output a weighting signal indicat-
ing the weighting.

A measurement cycle determination method according to
another embodiment of the present disclosure includes
acquiring at least one of geographic information including
items related to a geography of a site where a structure 1s
located, weather information including items related to
weather at the site, and structure information including 1tems
related to the structure; acquiring crack information related
to a crack that has occurred 1n the structure; determining, on
the basis of at least one of the geographic information, the
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weather information, the structure information, and the
crack information, a measurement cycle at which to measure

a width of the crack; and outputting a measurement cycle
signal indicating measurement cycle information related to
the determined measurement cycle.

A measurement cycle determination program according to
another embodiment of the present disclosure 1s configured
to cause a computer to execute processing including acquir-
ing at least one of geographic information including items
related to a geography of a site where a structure 1s located,
weather information including i1tems related to weather at
the site, and structure mnformation including 1tems related to
the structure; acquiring crack information related to a crack
that has occurred in the structure; determining, on the basis
of at least one of the geographic information, the weather
information, the structure information, and the crack infor-
mation, a measurement cycle at which to measure a width of
the crack; and outputting a measurement cycle signal 1ndi-
cating measurement cycle information related to the deter-
mined measurement cycle.

According to the device, method, program, and the like of
the present disclosure, a measurement cycle at which to
measure cracks that occur in structures formed from con-
crete or the like can be suitably determined.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1A and 1B are cross-sectional views of a sheet used
in the embodiments. FIG. 1A 1s a cross-sectional view of the
sheet before deformation. FIG. 1B 1s a cross-sectional view
ol the sheet after deformation.

FIG. 2A 1s a partially exploded plan view of the sheet
before a deformation conforming section deforms. FIG. 2B
1s a partially exploded plan view of the sheet after the
deformation conforming section has deformed.

FIG. 3 1s a drawing illustrating a measurement cycle
determination system according to the embodiments.

FIG. 4 1s a drawing 1llustrating one example of a sche-
matic configuration of the terminal device depicted in FIG.
3.

FIG. § 1s a drawing illustrating one example of a sche-
matic configuration of the first server depicted in FIG. 3.

FIG. 6 1s a flowchart illustrating an example of measure-
ment cycle determination processing at a time of 1nitial
imaging by the measurement cycle determination system
depicted 1n FIG. 3.

FIG. 7 1s drawing illustrating an example of an initial
screen displayed on the terminal device.

FIG. 8 1s drawing 1llustrating an example of a (first) site
information acquisition screen displayed on the terminal
device.

FIG. 9 1s drawing illustrating an example of a (second)
site information acquisition screen displayed on the terminal
device.

FIG. 10 1s drawing illustrating an example of a (first)
sheet information acquisition screen displayed on the ter-
minal device.

FIG. 11 1s drawing illustrating an example of a (first) sheet
image send screen displayed on the terminal device.

FIG. 12 1s a flowchart 1llustrating a more detailed example
of the processing of S104 depicted in FIG. 6.

FIG. 13 1s a drawing 1llustrating an example of informa-
tion recorded in the processing of S104 depicted in FIG. 6.

FIG. 14 1s a flowchart 1llustrating a more detailed example
of the processing of S107 depicted in FIG. 6.

FIG. 15 1s a drawing 1llustrating an example of informa-
tion recorded in the processing of S107 depicted n FIG. 6.
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FIG. 16 1s a tlowchart illustrating a more detailed example
of the processing of S111 depicted 1n FIG. 6.

FI1G. 17 1s a flowchart 1llustrating a more detailed example
of the processing of S112 depicted 1n FIG. 6.

FIG. 18 1s drawing illustrating an example of a table
containing criteria used 1n quantification processing by the
quantification unit depicted 1n FIG. 5.

FIG. 19 1s a drawing illustrating an example of measure-
ment information updated 1n the processing of S112 depicted
in FIG. 6.

FIG. 20 1s a flowchart illustrating an example of mea-
surement cycle update processing at times ol second or
subsequent 1maging by the measurement cycle determina-
tion system depicted in FIG. 3.

FI1G. 21 1s drawing illustrating an example of the (second)
site information acquisition screen displayed on the terminal
device.

FIG. 22 1s drawing 1illustrating an example of the (first)
sheet 1image send screen displayed on the terminal device.

FI1G. 23 1s a flowchart 1llustrating a more detailed example
of the processing of S607 depicted in FIG. 20.

FI1G. 24 1s a first diagram for explaining the processing of
S707 depicted 1n FIG. 20.

FIG. 25A 1s a second diagram for explaining the process-
ing of S707. FIG. 258 1s a third diagram for explaining the
processing of S707.

FIG. 26 1s a drawing illustrating an example of informa-
tion updated in the processing of S607 depicted in FIG. 20.

FIG. 27 1s a drawing illustrating one example of a
schematic configuration of the second server depicted in
FIG. 3.

FIG. 28 1s a flowchart illustrating an example of mea-
surement path information generation processing by the
measurement path generation unit depicted 1n FIG. 27.

FIG. 29 1s a drawing illustrating an example of measure-
ment path information generated 1n the processing of S805
depicted 1n FIG. 28.

FIG. 30 1s a drawing illustrating an example of a sche-
matic configuration of the search terminal device depicted in
FIG. 3.

FIG. 31 1s a drawing illustrating an example of a sche-
matic configuration of the third server depicted 1in FIG. 3.

FIG. 32 1s a flowchart illustrating an example of search
information generation processing by the search information
generation unit depicted i FIG. 31.

FIG. 33 1s a drawing 1illustrating an example of a point
map generated in the processing of S904 depicted 1n FIG.
32.

FIG. 34 1s a flowchart illustrating another example of
search information generation processing by the measure-
ment cycle determination system depicted i FIG. 3.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
hereimnafter while referencing the drawings. However, it
should be understood that the present disclosure 1s not
limited to the drawings or the following embodiments.
Aspect of Sheet Used 1n the Present Disclosure

FIGS. 1A and 1B are drawings 1llustrating an aspect of a
sheet used 1n the present embodiment and, in an example
thereol, 1llustrate a state 1n which a sheet 101 1s athxed to a
wall surface of a structure, namely a measurement subject
102, 1n which a crack has occurred. The sheet 101 includes
a deformation conforming section 111, a deformation non-
conforming section 112, and a deformation bufler portion
113 interposed between the deformation conforming section
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111 and the deformation non-conforming section 112. In a
typical aspect, as illustrated n FIGS. 1A and 1B, the
deformation conforming section and the deformation non-
conforming section of the sheet include a first and second
main surface of the sheet, respectively.

In the present disclosure, the deformation conforming
section 1s a section that has the ability to deform so as to
follow deformation of a measurement subject when an
amount of deformation occurs in the measurement subject 1n
a state where the sheet 1s fixed to the measurement subject.

In the present disclosure, the deformation non-conform-
ing section 1s a section that substantially does not follow
deformation when deformation occurs 1n the deformation
conforming section and, accordingly, 1s a region where
deformation substantially does not occur.

In the present disclosure, the deformation butler portion 1s
a section that has deformation buflering capacity suilicient
to ensure that the deformation non-conforming section sub-
stantially does not deform as a result of the deformation of
the deformation conforming section.

The sheet may be constituted by a single layer or multiple
layers. The sheet need only include sections functioning as
a deformation conforming section, a deformation non-con-
forming section, and a deformation bufler section. Accord-
ingly, 1 an exemplary aspect, the sheet 1s a single layer
including a deformation conforming section, a deformation
non-conforming section, and a deformation builer section by
being imparted with suitable thicknesses and physical prop-
erties. In another exemplary aspect, the sheet 1s constituted
by multiple layers of different materials, thicknesses, and the
like, each of the layers being capable of functioning as a
deformation conforming section, a deformation non-con-
forming section, and a deformation bufler section, respec-
tively. In yet another exemplary aspect, the sheet can be
constituted by two layers, one functioning as a deformation
conforming section and a deformation bufler section and one
functioning as a deformation non-conforming section, or
one functioning as a deformation conforming section and
one functioning as a deformation bufler section and a
deformation non-conforming section. As discussed above,
the layer configuration of the sheet can be designed as
desired on the condition that the sheet includes sections that
function as a deformation conforming section, a deformation
non-conforming section, and a deformation buller section.
For example, FIGS. 1A and 1B 1illustrate an example of a
case 1 which the sheet 1s a single layer, and in other
examples, the sheet 1s 1n three layers, namely a stretchable
layer, an unstretchable layer, and a viscoelastic layer.

The deformation conforming section has a first pattern
that includes a plurality of straight lines extending in a first
direction; and the deformation non-conforming section has
a second pattern that includes a plurality of straight lines
extending 1n a second direction different than the first
direction. The sheet of the present disclosure 1s configured
so as to enable the detection of moire fringes produced by
the first pattern and the second pattern. More specifically, the
first pattern 1s viewable via the second pattern. Here, “the
first pattern 1s viewable via the second pattern” means that
the first pattern can be visualized along with the second
pattern when the first and second patterns are observed from
a second pattern side among a {first pattern side and the
second pattern side of the sheet. Means for the visualization
can be selected as desired, and examples thereof include
pattern 1maging under visible light using various types of
cameras. According to a configuration in which the first
pattern is viewable via the second pattern, the moire fringes
produced by the imterference between the first pattern and
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the second pattern are also viewable, and evaluation of
three-dimensional deformation of the measurement subject,
based on the moire fringes, is possible.

In a preferable aspect 1n which the first pattern 1s viewable
via the second pattern, the section of the sheet of the present
disclosure from the first pattern, via the second pattern, to
the sheet surface, 1s typically formed from a clear material.
In the present disclosure, “transparent material” refers to a
material having a total optical transmittance of at least 30%
at light wavelengths of 300 to 830 nm, more preferably at
least 80%. The total optical transmittance 1s the value for
total light transmission as measured using a haze meter
(such as an NDH 2000 haze meter, manufactured by Nippon
Denshoku Industries Co., Ltd. (Bunkyo Ward, Tokyo)).

One essential characteristic of the sheet of the present
disclosure 1s that the first pattern becomes strained due to
deformation of the deformation conforming section, and that
the second pattern that the deformation non-conforming
section has 1s substantially not affected by the strain 1n the
first pattern, that 1s, substantially does not become strained.
When the sheet has been fixed to a measurement subject,
deformation of the measurement subject can be detected 1n
three dimensions by the strain in the first pattern 1mage. That
1s, deformation 1n an in-plane direction of the measurement
subject such as 1illustrated 1n FIGS. 1A and 1B (FIG. 1A
illustrates pre-deformation, and FIG. 1B illustrates post-
deformation) causes strain in the first pattern to occur.
Moreover, by detecting and analyzing the moire fringes
produced by the strain 1n the first pattern and the unstrained
second pattern, deformation that has occurred 1n the mea-
surement subject can be quantitatively evaluated in three
dimensions. Additionally, positions at which the deforma-
tion has occurred 1n the measurement subject can be 1den-
tified.

When evaluating the deformation 1in the measurement
subject using the sheet of the present disclosure, the moire
fringes of the sheet are detected. The sheet according to the
present disclosure offers the advantage that evaluation can
be convemently performed 1n that the device used to detect
the moire pattern need not necessarily be brought within the
vicinity of the sheet. In addition, the sheet of the present
disclosure 1s inexpensive and does not require a power
source or the like and, therefore, has the advantage of being
casily installed.

Any conventionally publicly known patterns used for
evaluating deformation by moir¢ fringes can be used as the
first pattern and the second pattern. The details of the
patterns, for example, the type of pattern shape, pitch, and
the like may be appropriately selected depending on the
amount of deformation of the target or the like. Examples of
the pattern shape include grids, staggered patterns, dots, a
plurality of parallel strait lines, and the like. In an illustrative
aspect, the first and second patterns can each be a gnd
having a width of about 0.2 to about 0.4 mm and a pitch of
about 0.4 to about 0.8 mm. For example, when evaluating
deformation of a wall of a structure or the like, which 1s a
preferred use of the sheet according to the present disclo-
sure, detection of deformation of about 0.1 to 2.0 mm 1s
often desired. An example of a pattern shape and pitch suited
to such a usage 1s a sheet, one side of which 1s about 100 mm
long, having a pitch of about 0.3 to about 1.0 mm.

The detailed structure of the sheet according to this aspect
of the present embodiment 1s described in, for example,
Japanese Unexamined Patent Application Publication No.

2015-184043 A and the like.
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Aspects of the First Pattern and the Second Pattern
FIG. 2A1s a partially exploded plan view of the sheet 101

betore the deformation conforming section 111 deforms.
FIG. 2B 1s a partially exploded plan view of the sheet 101
alter the deformation conforming section 111 has deformed.

A pitch of a plurality of straight lines arranged in parallel
and 1ncluded 1n each of the first pattern 121 and the second
pattern before the deformation conforming section 111
deforms 1s referred to as the “pitch.” After the deformation
conforming section 111 has deformed, the pitch of the
straight lines included in the first pattern 121 change to
“pitch+Apitch_st.” The deformation non-conforming sec-
tion 112 does not deform and, therefore, even after the
deformation conforming section 111 has deformed, the pitch
of the straight lines included in the first pattern 121 1is
maintained as pitch.

A pitch of the moiré before the deformation conforming
section 111 deforms 1s referred to as a first pitch moi-
re_pitchl, and an angle of inclination between a third
direction orthogonal to the first direction of the moire before
the deformation conforming section 111 deforms and the
extending direction of the moire is referred to as a first angle
of inclination moire_01. A pitch of the moire after the
deformation conforming section 111 has deformed 1s
referred to as a second pitch moiré_pitch2, and an angle of
inclination between the third direction after the deformation
conforming section 111 has deformed and the extending
direction of the moire i1s a second angle of inclination
moire 62.

Configuration and Function of Measurement Cycle
Determination System According to the
Embodiment

FIG. 3 1s a drawing illustrating a measurement cycle
determination system according to the embodiment.

In a measurement cycle determination system 100,
switching equipment (not illustrated) 1s mutually connected
via a wide area communications network, namely a com-
munications network 5. The switching equipment connects
a wireless communications network that covers a certain
area to the communications network 5. A base station 4 1s
disposed 1n the wireless communications network to admin-
1ster a wireless zone covering the area. The base station 4 1s
connected to the switching equipment via a wireless network
control device (not 1llustrated) to which the base station 4
belongs. Moreover, when a terminal device 1 and a search
terminal device 8 within the area perform commumnication
with a first server 2, a second server 7, and a third server 9
or the like, the terminal device 1 and the search terminal
device 8 are connected to the switching equipment via the
base station 4 and are also connected to the communications
network 3.

Additionally, the communications network 5 1s connected
to an mternet 6 via a gateway (not illustrated), by means of
a wired LAN or similar Ethernet (trade name). Furthermore,
a structure information database 3-1, a geographic informa-
tion database 3-2, and a weather information database 3-3,
as well as the first server 2, the second server 7, and the third
server 9 are connected to the internet 6. The geographic
information database 3-2 1s a database 1n which geographic
information of each site 1s stored.

The terminal device 1 1s a terminal device used by an
inspector i the first to third embodiments, and the search
terminal device 8 1s a terminal device used by a general user
in the third embodiment. The first server 2 1s a server used
in the first embodiment, the second server 7 1s a server used
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in the second embodiment, and the third server 9 1s a server
used 1n the third embodiment.

The structure information database 3-1 stores, for each
structure, structure mmformation including items related to
structures such as the construction vear, the material of the
structure such as reinforced concrete, and the type of struc-
ture such as bridge or tunnel. The structure mformation
database 3-1 may be stored 1n a single storage device, or may
be stored 1n a plurality of storage devices according to the
type of structure mformation that 1s stored.

The geographic information database 3-2 stores, for each
structure, geographic information including items related to
the geography of the site where the structure 1s located such
as ground strength, presence/absence of salt damage, the
highest seismic intensity of earthquakes that have occurred,
the frequency of earthquakes. The geographic information
database 3-2 may be stored 1n a single storage device, or may
be stored 1n a plurality of storage devices according to the
type of geographic information that is stored.

The weather information database 3-3, for each region,
weather information including items related to the weather
at the site where the structure 1s located such as the highest
temperature, lowest temperature, highest humidity, lowest
humidity, maximum wind speed, maximum rainfall, and
maximum snowiall. The weather information database 3-3
may be stored 1n a single storage device, or may be stored
in a plurality of storage devices according to the type of
weather information that 1s stored.

Configuration of the Measurement Cycle
Determination System According to the First
Embodiment

A measurement cycle determination system according to
the first embodiment includes the terminal device 1, the first
server 2, the structure information database 3-1, the geo-

graphic information database 3-2, and the weather informa-
tion database 3-3 illustrated 1n FIG. 3.

Configuration and Function of the Terminal Device
According to the First Embodiment

FIG. 4 1s a drawing illustrating an example of a schematic
configuration of the terminal device 1.

The terminal device 1 1s a multifunctional mobile phone
(1.e. a smartphone), and 1s capable of connecting to a
wireless communication network, short-range communica-
tion, executing predetermined application programs, and the
like. In order to realize these capabilities, the terminal device
1 1includes a terminal communication unit 11, a short-range
communication unit 12, an operation unit 13, a display 14,
a terminal memory unit 15, an 1image capturing unit 16, a
positioning system umt 17, a clock umt 18, and a terminal
processing unit 20. Note that the terminal device 1 may be
any communication device that has communication func-
tions and, for example, may be a terminal device such as a
personal digital assistant (PDA), a mobile gaming device, a
portable music player, or a tablet computer.

The terminal communication unit 11 1s provided with a
communication interface circuit that includes an antenna
designed to primarily operate in the 2.1 GHz receiving band,
and connects the terminal device 1 to a communication
network. The terminal communication unit 11 establishes a
wireless signal line with a base station (not 1llustrated) by a
code division multiple access (CDMA) or similar method
via a channel allocated by the base station to wirelessly
communicate with the base station. Moreover, the terminal
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communication unit 11 supplies data received from the base
station to the terminal processing unit 20. Additionally, the
terminal communication unit 11 sends data supplied from
the terminal processing unit 20 to the base station. Note that
the terminal communication unit 11 preforms data commu-
nication with a server (not illustrated) in accordance with
hypertext transier protocol (HTTP). Additionally, the termi-
nal communication umt 11 1s provided with a communica-
tion interface circuit that includes an antenna designed to
primarily operate 1n the 2.4 GHz receiving band, and that
bypasses the base station and performs wireless communi-
cation via Wi-F1 (trade name) or a similar a wireless LAN
base station.

The short-range communication unit 12 1s provided with
an 1interface circuit for performing short-range wireless
communication in accordance with Bluetooth LE (Low
Energy) (trade name) or a similar communication system,
and performs short-range wireless communication with
other terminal devices and the like. Moreover, the short-
range communication umt 12 supplies data received from
the other terminal devices and the like to the terminal
processing unit 20. Additionally, the short-range communi-
cation unit 12 sends data supplied from the terminal pro-
cessing umt 20 to the other terminal devices and the like.
Note that the short-range commumication unit 12 may be
provided with an interface circuit for performing short-range
wireless communication in accordance with Bluetooth
(trade name), Radio Frequency Identification (RFID), Zig-
Bee or a similar communication system.

The operation unit 13 may be any device provided that
operation of the terminal device 1 1s possible, and examples
thereol 1nclude keyboards and the like. A user can use this
device to mput characters, numbers, and the like. The
operation unit 13 receives commands from the user, gener-
ates signals corresponding to the received commands, and
outputs the signals to the terminal processing unit 20.
Additionally, the operation unit 13 recerves commands of
the user by contact such as tapping, dragging, tlicking,
generates signals corresponding to the received commands,
and outputs the signals to the terminal processing unit 20.

The display 14 may be any device, provided that output
of video 1mages, still 1mages, and the like 1s possible. The
display 14 displays video images corresponding to video
image data, still 1mages corresponding to still image data,
and the like supplied from the terminal processing unit 20.

The terminal memory unit 15 1s provided with, for
example, semiconductor memory. The terminal memory unit
15 stores driver programs, operating system programs,
application programs, data, and the like used 1n the process-
ing by the terminal processing unit 20. For example, as
driver programs, the terminal memory umt 15 stores driver
programs such as a mobile phone commumnication device
driver program and a wireless LAN communication device
driver program for controlling the terminal communication
umt 11. Additionally, the terminal memory unit 15 stores a
short-range wireless communication device driver program
for controlling the short-range communication unit 12, an
input device driver program for controlling the operation
unmit 13, an output device driver program for controlling the
display 14, and the like. Additionally, the terminal memory
unmit 15 stores application programs such as various pro-
grams including web browser programs for acquiring and
displaying web pages. The computer programs may be
installed in the terminal memory unit 15 using a publicly
known setup program or the like, from a computer-readable
portable recording medium such as semiconductor memory
that includes tlash memory or the like.
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Additionally, the terminal memory unit 15 stores data
such as information and data used 1n 1mage capture process-
ing and deformation amount measuring processing, and data
required for i1mage capture processing and deformation
amount measuring processing. Furthermore, the terminal
memory unit 15 may temporarily store temporary data
pertaining to a predetermined processing.

The 1mage capturing unit 16 1s provided with 1imaging
clements disposed 1n an array, and an element driving unit
for driving the imaging elements. The 1maging elements
include a charge-coupled device (CCD) sensor or an active
pixel sensor (APS), and a color filter, and accumulate charge
corresponding to incident light. The element driving unit
converts the charges accumulated 1n each of the imaging
clements into electrical signals and outputs these electrical
signals to the terminal processing unit 20.

The positioning system umt 17 measures a position where
the terminal device 1 exists, 1n accordance with commands
from the terminal processing unit 20. The positioning system
unit 17 1s provided with a GPS circuit that includes an
antenna designed to primarily operate in the 1.5 GHz
receiving band, and receives GPS signals from a GPS
satellite (not 1illustrated). The positioning system unit 17
decodes the GPS signals and acquires time information and
the like. The positioning system unit 17 calculates a pseudo-
distance from the GPS satellite to the positioning system
unit 17 on the basis of the time information and the like,
determines the position (latitude, longitude, and the like)
where the terminal device 1 exists by solving a system of
equations obtained by substituting the pseudo-distance, and
outputs the position as position information.

The clock unit 18 1s constituted by a clock circuit or the
like, counts the date and time, and generates date informa-
tion and time information for the update processing of
various types of imformation.

The terminal processing unit 20 1s provided with one or a
plurality of processors and peripheral circuits thereof. The
terminal processing unit 20 integrally controls the overall
operations of the terminal device 1 and, for example, 1s a
central processing unit (CPU). The terminal processing unit
20 controls the operations of the terminal communication
unit 11, the short-range communication unit 12, and the like
so that the various processes of the terminal device 1 are
executed with appropriate procedures corresponding to the
programs stored in the terminal memory unit 135, the opera-
tions of the operation unit 13, and the like. The terminal
processing unit 20 executes processing on the basis of the
programs (the driver programs, the operating system pro-
grams, the application programs, and the like) stored 1n the
terminal memory unit 15. Additionally, the terminal pro-
cessing unit 20 can execute a plurality of programs (the
application programs and the like) 1n parallel.

The terminal processing unit 20 includes a measurement
start notification unit 21, a site information acquisition unit
22, a sheet information acquisition unit 23, a sheet image
acquisition unit 24, and a measurement date display unit 25.
Each of the units of the terminal processing unit 20 1s a
functional module that 1s implemented by a program
executed on the processor of the terminal processing unit 20.
Alternatively, each of the units that 1s provided in the
terminal processing umt 20 may be implemented in the
terminal device 1 as an independent integrated circuit,
microprocessor, or firmware.

Configuration and Function of the First Server
According to the First Embodiment

FI1G. 5 1s a drawing 1llustrating an example of a schematic
configuration of an example of the measurement cycle
determination device according to the first embodiment,
namely the first server 2.
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The first server 2 1s an information processing device
capable of various types of imnformation processing, and 1s
provided with a first server communication unit 31, a first
server memory unit 32, a first server output unit 33, a first
server mput unit 34, and a first server processing unit 40.

The first server communication unit 31 includes a wired
communication interface circuit such as an Ethernet (trade
name). The first server communication unit 31 performs
communication with the terminal device 1, the structure
information database 3-1, the geographic information data-
base 3-2, the weather information database 3-3, and the like
via a LAN (not 1llustrated in the drawings) and the internet
6. Moreover, the first server communication unit 31 supplies
data received from the terminal device 1, the structure
information database 3-1, the geographic imnformation data-
base 3-2, the weather information database 3-3, and the like
to the first server processing unit 40. Additionally, the first
server communication unit 31 sends data supplied from the
first server processing unit 40 to the terminal device 1 and
the like.

The first server memory unit 32 includes at least one of,
for example, semiconductor memory, a magnetic disk
device, and an optical disk device. The first server memory
unit 32 stores driver programs, operating system programs,
application programs, data, and the like used 1n the process-
ing by the first server processing unit 40. For example, the
first server memory unit 32 stores driver programs such as
a communication device driver program for controlling the
first server communication unit 31, and the like. Addition-
ally, the first server memory unit 32 stores operating system
programs such as connection control programs by commu-
nication protocol such as Transmission Control Protocol/
Internet Protocol (TCP/IP). Additionally, the first server
memory unit 32 stores application programs such as data
processing programs for sending/receiving various types of
data. The computer programs may be installed 1n the first
server memory unit 32 using a publicly known setup pro-
gram or the like, from a computer-readable portable record-
ing medium such as, for example, a CD-ROM, or a DVD-
ROM.

The first server output unit 33 may be any device provided
that output of video images, still 1images, and the like 1s
possible, and examples thereof include touch panel display
devices, liquid crystal displays, organic electro-lumines-
cence (EL) displays, and the like. The first server output unit
33 displays video 1mages corresponding to video image
data, still images corresponding to still image data, and the
like supplied from the first server processing unit 40.

The first server input unit 34 may be any device provided
that mput to the first server 2 1s possible, and examples
thereol include touch panel input devices, keypads, and the
ike. A user can use this device to input characters, numbers,
and the like. The first server input unit 34 receives com-
mands from the user, generates signals corresponding to the
received commands, and outputs the signals to the first
server processing unit 40.

The first server processing unit 40 1s provided with one or
a plurality of processors and peripheral circuits thereto. The
first server processing unit 40 integrally controls the overall
operations of the first server 2 and, for example, 1s a CPU.
The first server processing unit 40 controls the operations of
the first server communication unit 31 and the like so that the
various processes of the first server 2 are executed with
appropriate procedures corresponding to the programs and
the like stored in the first server memory unit 32. The first
server processing unit 40 executes processing on the basis of
the programs (the driver programs, the operating system
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programs, the application programs, and the like) stored in
the first server memory unit 32. Additionally, the first server
processing unit 40 can execute a plurality of programs (the
application programs and the like) 1n parallel.

The first server processing unit 40 includes a site infor-
mation recording unit 41, a sheet information recording unit
42, a measurement information recording unit 43, a mea-
surement cycle determination unit 44, a measurement cycle
updating unit 45, and a measurement cycle output unit 46.
The measurement cycle determination unit 44 includes a
quantification umt 441, a total value calculation unit 442, a
first judgment unit 443, a second judgment unit 444, and a
cycle determination unit 445. The measurement cycle updat-
ing unit 45 includes an update information recording unit
451, a crack growth width estimation unit 452, and a cycle
update unit 453. Each of the units of the first server
processing unit 40 1s a functional module that 1s 1mple-
mented by a program executed on the processor of the first
server processing umt 40. Alternatively, each of the unaits
that 1s provided 1n the first server processing unit 40 may be
implemented 1n the first server 2 as an independent inte-
grated circuit, microprocessor, or firmware.

Measurement Cycle Determination Processing by
the Measurement Cycle Determination System
According to the First Embodiment

FIG. 6 1s a flowchart illustrating an example of measure-
ment cycle determination processing executed by the mea-
surement cycle determination system 100.

First, on the basis of a command of an inspector (not
illustrated 1n the drawings), the terminal device 1 notifies the
first server 2 that mitial imaging of a crack on which the
sheet 1s athxed has started (S101). Further details thereot are
described using FIG. 7.

Upon selection, via the display 14, of an application
program for executing crack measurement processing, the
measurement start notification unit 21 displays an initial
screen on the display 14. FIG. 7 1s drawing illustrating an
example of the 1mitial screen displayed on the display 14.

The 1nitial screen 140 includes an 1mitial 1maging button
1401 and a second or subsequent imaging button 1402.
When an inspector (not illustrated in the drawings) presses
the 1nitial imaging button 1401 of the mnitial screen 140, the
measurement start notification unit 21 of the terminal device
1 notifies the first server 2 to start imitial imaging of the crack
on which the sheet 1s aflixed (5101).

Upon being notified to start of the mitial imaging of the
crack on which the sheet 1s athxed, the site information
recording unit 41 of the first server 2 requests site informa-
tion from the terminal device 1 (5102). Upon receipt of the
request for site information, the site information acquisition
unit 22 of the terminal device 1 acquires the site information
and sends a signal indicating the acquired site information to
the first server 2 (S103).

FIGS. 8 and 9 are drawings illustrating an example of a
site information acquisition screen displayed on the display
14 whereby the terminal device 1, which receirved the
request 1n S102, acquires and sends the site information in
S103. Specifically, FIG. 8 illustrates an example of a first
site information acquisition screen, and FI1G. 9 1llustrates an
example of a second site information acquisition screen.

Upon receipt of a request for site information, the site
information acquisition unit 22 displays a first site informa-
tion acquisition screen 141 on the display 14. The first site
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information acquisition screen 141 includes an existing
structure selection section 1411 and a new structure selec-
tion section 1412.

When the existing structure selection section 1411 1s
pressed, the site mmformation acquisition unit 22 displays
names of recorded structures in drop down list format and 1n
a selectable manner on the display 14. Upon selection of a
name ol a structure displayed in the drop down list format
by the site mformation acquisition unit 22, the site infor-
mation acquisition unit 22 sends a signal indicating site
information including the name of the selected structure to
the first server 2 (5103).

When the new structure selection section 1412 1n the first
site information acquisition screen 141 1s pressed, the site
information acquisition unit 22 displays a second site infor-
mation acquisition screen 142 on the display 14. The second
site information acquisition screen 142 includes a structure
drawing 1image 1421, a structure name input section 1422, an
upload button 1423, and a cancel button 1424 that erases
inputted information. The structure drawing image 1421 1s
acquired in advance by the inspector (not illustrated 1n the
drawings) operating the terminal device 1, and 1s stored 1n
the terminal memory unit 15. When the structure name input
section 1422 1s pressed, the site information acquisition unit
22 displays an mput screen on the display 14, and the name
of the structure 1s mput via the operation unit 13 by the
inspector (not illustrated 1n the drawings). When the upload
button 1423 1s pressed, the site information acquisition unit
22 sends a signal indicating site information including the
structure drawing image 1421, the name of the structure
input in the structure name 1nput section 1422, and position
information acquired by the positioning system unit 17 to
the first server 2 (5103).

Next, the site information recording unit 41 of the first
server 2 records the site mnformation sent from the terminal
device 1 (S104). Upon recording of the site information sent
from the terminal device 1, the sheet information recording
unit 42 of the first server 2 requests sheet information and
initial crack value imformation from the terminal device 1
(S1035). Upon receipt of the request for the sheet information
and the 1nitial crack value information, the sheet information
acquisition unit 23 of the terminal device 1 acquires the
sheet information and the 1nitial crack value information and
sends signals indicating each of the acquired sheet informa-
tion and 1nitial crack value mnformation to the first server 2
(S106).

FIG. 10 1s a drawing illustrating an example of a first sheet
information acquisition screen displayed on the display 14
whereby the terminal device 1 that has received the request
in S105 acquires and sends the sheet information and the
initial crack value information.

Upon receipt of a request for sheet information, the sheet
information acquisition unit 23 displays a first sheet infor-
mation acquisition screen 143 on the display 14. The first
sheet information acquisition screen 143 includes a sheet
position selection section 1431, a sheet position name input
section 1432, a sheet part number selection section 1433, a
sheet information display section 1434, and an initial crack
width mput section 1435. The first sheet information acqui-
sition screen 143 also includes an upload button 1436 and a
cancel button 1437 that erases inputted information. The
sheet position selection section 1431 includes a drawing
image ol the structure on which the sheet 1s athxed and, as
indicated by the star symbol 1 FIG. 10, 1dentifies a position
on the drawing image of the structure pressed by the
ispector (not illustrated 1n the drawings) as sheet athixed
coordinates that indicate the aflixed position of the sheet.
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The drawing 1image included in the sheet position selection
section 1431 may be acquired from the first server 2 or
another server (not illustrated in the drawings) via the
communications network 5, or photograph data captured by
the terminal device 1 may be used. When the sheet position
name input section 1432 1s pressed, the sheet imnformation
acquisition unit 23 displays an input screen on the display
14, and the name of the athxed position of the sheet 1s 1nput
via the operation unit 13 by the mspector (not 1llustrated in
the drawings). When the sheet part number selection section
1433 1s pressed, sheet part numbers are displayed in drop
down list format and 1n a selectable manner. Upon selection
ol a sheet part number displayed 1n the drop down format 1n
the sheet part number selection section 1433, the sheet
information acquisition unit 23 displays pattern information
such as a printing pattern corresponding to the selected sheet
part number, the pitch width, and the oflset angle in the sheet
information display section 1434. When the mnitial crack
width mput section 1435 is pressed, the sheet information
acquisition unit 23 displays an input screen on the display
14, and the 1nitial value of the crack width of the crack on
which the sheet 1s athxed 1s mput via the operation unit 13
by the 1nspector (not 1llustrated 1n the drawings). When the
upload button 1436 1s pressed, the sheet information acqui-
sition unit 23 sends signals indicating the sheet information
including the sheet aflixed coordinates, the sheet position
name, and the mitial crack value information including the
initial value of the crack width to the first server 2 (S106).
The sheet athixed coordinates are information iputted via
the sheet position selection section 1431, and the sheet
position name 1s mformation mputted via the sheet position
name mput section 1432. The pattern information 1s nfor-
mation corresponding to the sheet selected via the sheet part
number selection section 1433, and the 1nitial value of the
crack width 1s information mputted via the initial crack
width mput section 1435.

The sheet information recording unit 42 of the first server
2 records the sheet information and the mitial crack value
information corresponding to the signals sent from the
terminal device 1 (S107). Upon recording the sheet infor-
mation and the initial crack value information, the sheet
information recording unit 42 requests a sheet image from
the terminal device 1 (S108). Upon receipt of the request for
the sheet 1mage, the sheet image acquisition unit 24 of the
terminal device 1 captures an 1mage of the sheet aflixed to
the crack (5109), and sends image data representing the
captured sheet image to the first server 2 (5110).

FI1G. 11 1s a drawing illustrating an example of a first sheet
image send screen displayed on the display 14 whereby the
terminal device 1 that has received the request 1n S108 sends
a sheet 1image acquired at a time of mnitial 1imaging 1 S109
along with the measurement date 1n S110.

Upon completion of the capturing of the sheet image
(S109), the sheet image acquisition unit 24 displays a first
sheet 1image send screen 144 on the display 14. The first
sheet 1mage send screen 144 includes a captured image
display section 1441, an imaging conditions display section
1442, an upload button 1443, and a cancel button 1444 that
crases the captured image. The image captured by the image
capturing unit 16 1s displayed 1n the captured image display
section 1441. The sheet athixed to the crack 1s captured 1n the
image captured by the image capturing unit 16. The captured
sheet includes a first layer portion having a first pattern that
includes a plurality of line drawings extending in a {first
direction, and a second layer portion overlapping the first
layer portion and having a second pattern that includes a
plurality of line drawings extending in a second direction
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different than the first direction. A moire that has occurred as
a result of the first pattern and the second pattern overlap-
ping 1s captured in the image, which includes the second
layer portion, captured by the image capturing unit 16.

The imaging date when the sheet was 1maged, the site
location, and other 1imaging conditions are displayed 1n the
imaging conditions display section 1442. Additionally,
along with the imaging conditions of the sheet 1image, a site
ID and a sheet ID sent from the first server 2 are displayed
in the imaging conditions display section 1442. When the
upload button 1443 1s pressed, the sheet image acquisition
unmit 24 sends signals indicating the sheet image and the
measurement date to the first server 2 (S110).

Upon sending of the sheet image and the measurement
date from the terminal device 1, the measurement informa-
tion recording unit 43 of the first server 2 records measure-
ment information mcluding the sent sheet 1image, measure-
ment date, and the like (S111). Next, the measurement cycle
determination unit 44 of the first server 2 determines a
measurement cycle at which to measure the crack width of
the crack on which the sheet 1s athxed (S112). Then, the
measurement cycle output unit 46 sends a signal indicating
the determined measurement cycle to the terminal device 1
(5113). The measurement date display unit 25 of the termai-
nal device 1 calculates the next measurement date of the
crack width of the crack on which the sheet 1s aflixed on the
basis of the sent measurement cycle, and displays the next
calculated measurement date on the display 14 (S114).

FIG. 12 1s a more detailed tlowchart of the processing of
S104.

First, on the basis of the site information sent from the
terminal device 1, the site mformation recording unit 41
determines whether or not site information 1s already
recorded (5201). When a flag 1s included indicating that the
site information sent from the terminal device 1 was selected
from the existing structure selection section 1411 of the first
site information acquisition screen 141 of FIG. 8, the site
information recording umt 41 determines that the site infor-
mation 1s already recorded (S201—YES) and the processing
1s ended.

When a flag 1s included indicating that the new structure
selection section 1412 of the first site information acquisi-
tion screen 141 of FIG. 8 was pressed and the site informa-
tion sent from the terminal device 1 was newly inputted in
the second site information acquisition screen 142, the site
information recording umt 41 determines that the site imnfor-
mation 1s not already recorded (S201—NO) and a new site
ID 1s allocated (S202). Next, the site information recording
umt 41 acquires position information including the site
information sent from the terminal device 1 as site position
information indicating the location of the structure (5203).
In one example, latitude and longitude are displayed as the
site position information.

Next, the site information recording unit 41 accesses the
structure information database 3-1 and acquires the structure
information of the structure corresponding to the site infor-
mation (S204). Next, the site information recording unit 41
accesses the geographic information database 3-2 and
acquires the geographic information of the site where the
structure 1s located corresponding to the site information
(5205). Next, the site information recording unit 41 accesses
the weather information database 3-3 and acquires the
weather information of the site where the structure 1s located
corresponding to the site mnformation (5206).

Next, the site mnformation recording unit 41 acquires the
structure drawing 1mage 1421 included 1n the site informa-
tion sent from the terminal device 1 as the drawing 1image of
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the structure (S207). Next, the site information recording
unit 41 allocates a drawing ID to the acquired drawing image
(S208). Then, the site information recording umt 41 asso-
ciates the drawing ID allocated in the processing of S208
with the site ID allocated 1n the processing of S202 (S209).

FIG. 13 1s a drawing illustrating an example of the site
information and drawing information recorded in the pro-
cessing of S104. The site information and the drawing
information are stored in the first server memory unit 32.

The site information 1s a data group having the site 1D as
a key, and includes the site position information, namely the
latitude and longitude; the construction year, type, and
material of the structure; the ground strength, record high
temperature, record low temperature, record snow accumu-
lation, and highest seismic intensity in the past 10 years at
the site where the structure 1s located; the name of the
structure; and the like. The drawing information 1s a data
group having the drawing ID as a key, includes the corre-
sponding site 1D, and associates the drawing 1mage corre-
sponding to the drawing ID with the site 1ID.

FI1G. 14 1s a more detailed tflowchart of the processing of
S107.

First, the sheet information recording unit 42 acquires the
sheet information and the initial crack width sent from the
terminal device 1 (58301). Next, the sheet information
recording unit 42 1ssues and allocates a new sheet ID (S302).
Then, the sheet information recording unit 42 associates the
sheet 1D allocated 1n the processing of S302 with the site 1D
allocated 1n the processing of S202 and the drawing ID
allocated 1n the processing of S208 (S303). Next, the sheet
information recording umt 42 records the sheet position
name included in the sheet information sent from the ter-
minal device 1 (S304), and also records the sheet athixed
coordinates included in the sheet information sent from the
terminal device 1 (5305). Next, the sheet information
recording unit 42 records the pattern information such as the
printing pattern, the pitch width, the offset angle, and the like
(S306). The sheet part number may also be recorded. Then,
the sheet information recording unit 42 records the initial
crack width (S307).

FIG. 15 1s a drawing 1illustrating an example of the site
information and drawing information recorded in the pro-
cessing of S104 and also the sheet information recorded 1n
the processing of S107. The sheet information 1s stored in
the first server memory unit 32.

The sheet information 1s a data group having the sheet 1D
as a key, and includes the site ID and drawing ID associated
with the sheet 1D, the sheet position name, the sheet athixed
coordinates, the printing pattern, the pitch width, the offset
angle, the ini1tial crack width, and the like (and optionally the
sheet part number).

FIG. 16 1s a more detailed tflowchart of the processing of
S111.

First, the measurement information recording unit 43
acquires the sheet 1mage and the measurement date sent
from the terminal device 1 (S401). Next, the measurement
information recording unit 43 i1ssues and allocates a new
measurement ID (S402). Then, the measurement informa-
tion recording unit 43 associates the measurement ID allo-
cated in the processing of S402 with the sheet ID allocated
in the processing of S303 (5403). Next, the measurement
information recording unit 43 records the sheet 1mage sent
from the terminal device 1 (S404), and also records the
measurement date sent from the terminal device 1 (S4035).
Next, the measurement information recording umt 43
records “0” for an estimated crack growth width indicating,
the growth width of the crack (S406). Then, the measure-
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ment information recording unit 43 calculates a pre-defor-
mation moire parameter (S407), and stores the calculated
pre-deformation moire parameter in the first server memory
unit 32.

The pre-deformation moire parameter includes the pitch
of the moire before deformation, namely a first pitch moi-
re_pitchl, and an inclination angle of the moire before
deformation, namely a first angle of inclination moiré_01.
The measurement information recording unit 43 acquires
spatial frequency information of the sheet image and deter-
mines an X-direction component Ix and a Y-direction com-
ponent fy of the spacial frequency of the moire from the
acquired spatial frequency information and the aspect ratio
of the sheet image. Then, the measurement information
recording unit 43 calculates the first pitch moire_pitchl and
the first angle of inclination moire_01 from the X-direction
component 1x and the Y-direction component {y of the
spacial frequency of the moire as follows:

moiré_pitchl=V{(x*+/7)

moire O1=arctan(fi/fx)

A detailed explanation of the calculation method of the
pre-deformation moiré parameter is described in Japanese
Patent Application No. 2015-183136, filed on Sep. 16, 2015.

FIG. 17 1s a more detailed tlowchart of the processing of
S112.

First, the quantification unit 441 quantifies each of the
items included 1n at least one of the geographic information,
the weather information, the structure information, and the
crack width included in the site information as a numerical
value representing a classification (S501), and stores the
quantified numerical values 1n the first server memory unit
32.

FIG. 18 1s a drawing 1illustrating an example of a table
containing criteria for quantification processing by the quan-
tification unit 441. The quantification unit 441 executes the
quantification processing while referencing this table.

The quantification umit 441 quantifies the geographic
information as “1” when the ground where the structure 1s
located 1s weak, and quantifies the geographic information
as “1” when there 1s salt damage. Additionally, the quanti-
fication unit 441 quantifies the geographic information as
“1” when an earthquake having a seismic intensity of 4 or
greater has occurred 1n the past 10 years at the site where the
structure 1s located, and quantifies the geographic informa-
tion as “2” when an earthquake having a seismic intensity of
5> or greater has occurred in the past 10 years at the site
where the structure 1s located. In the same manner, the
quantification umt 441 sequentially quantifies the geo-
graphic information, the weather information, and the struc-
ture information included 1n the site mmformation. Addition-
ally, the quantification umt 441 quantifies the crack
information as “1” when the mitial crack width 1s 1 mm or
greater.

Next, the total value calculation unit 442 adds the numeri-
cal values quantified by the quantification unit 441 and
calculates a total value (S502). Next, the first judgment unit
443 determines whether or not the total value calculated by
the total value calculation unit 442 1s greater than a {first
threshold value (S503). When the total value 1s determined
by the first judgment unit 443 to be less than or equal to the
first threshold value (S503—NO), the cycle determination
unit 445 determines 12-months as the measurement cycle of
the crack (S504), and records the 12-month measurement
cycle as the measurement cycle of the sheet information
(S505). When the total value 1s determined by the first
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judgment unit 443 to be greater than the first threshold value
(S503—YES), the second judgment unit 444 determines

whether or not the initial crack width recorded 1n the sheet
information 1s greater than a second threshold value (5506).
When the mitial crack width 1s determined by the second
judgment unit 444 to be less than or equal to the second
threshold value (S506—NO), the cycle determination unit
445 determines 6-months as the measurement cycle of the
crack (S507), and records the 6-month measurement cycle as
the measurement cycle of the sheet information (S505). On
the other hand, when the 1nitial crack width 1s determined by
the second judgment unit 444 to be greater than the second
threshold value (S506—YES), the cycle determination unit
445 determines 3-months as the measurement cycle of the
crack (S508), and records the 3-month measurement cycle as
the measurement cycle of the sheet information (S5035).

FIG. 19 1s a drawing illustrating an example of the site
information and the drawing information recorded in the
processing of S104, the sheet information recorded in the
processing of S107 and S112, and also the measurement
information recorded 1n the processing of S111. The mea-
surement 1mnformation is stored in the first server memory
unit 32.

The measurement cycle determined 1n the processing of
S112 1s recorded 1n the sheet information. The measurement
information 1s a data group having the measurement ID as a
key, and includes the sheet 1D, the measurement date, the
sheet 1mage storage address, the estimated crack growth
width, and the like, associated with the measurement ID.

Measurement Cycle Update Processing by the
Measurement Cycle Determination System
According to the First Embodiment

FIG. 20 1s a flowchart of measurement cycle update
processing by the measurement cycle determination system
100.

First, on the basis of a command of an inspector (not
illustrated 1n the drawings), the terminal device 1 notifies the
first server 2 to start second or subsequent imaging of a crack
on which the sheet 1s aflixed (S601). More specifically, upon
the selection, via the display 14, of an application program
for executing crack measurement processing, the measure-
ment start notification unit 21 of the terminal device 1
displays the imitial screen 140 depicted i FIG. 7 on the
display 14. When an inspector (not illustrated in the draw-
ings) presses a second or subsequent imaging button 1402 of
the 1nitial screen 140, the first server 2 1s notified to start
second or subsequent imaging of the crack on which the
sheet 1s aflixed (S601).

Upon being notified to start the second or subsequent
imaging of the crack on which the sheet 1s aflixed, the sheet
information recording unit 42 of the first server 2 requests
the sheet mformation from the terminal device 1 (S602).
Upon receipt of the request for the sheet information, the
sheet information acquisition unit 23 of the terminal device
1 acquires the sheet information and sends a signal indicat-
ing the acquired sheet mformation to the first server 2
(S603).

FIG. 21 1s a drawing illustrating an example of a second
sheet mformation acquisition screen displayed on the dis-
play 14 whereby the terminal device 1 that has received the
request 1 S602 acquires the sheet information in S603.

Upon receipt of the request for the sheet information, the
sheet information acquisition unit 23 displays a second sheet
information acquisition screen 145 on the display 14. The
second sheet information acquisition screen 145 includes a
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site name selection section 14351, a sheet athixed position
selection section 1452, a sheet afhixed position display
section 14353, an upload button 1454, and a cancel button
1455 that erases mputted information. When the site name
selection section 14351 1s pressed, names of sites are dis-
played in drop down list format and 1n a selectable manner.
When, for example, “bridge ABC” 1s selected 1n the site
name selection section 1451, the sheet information acquisi-
tion unit 23 accesses the first server memory unit 32 and
acquires the site information of “bridge ABC”, and the
drawing 1image, drawing information, and sheet information
associated with the site information of the “bridge ABC.”
When the sheet atlixed position selection section 1452 1is
pressed, the sheet information acquisition unit 23 displays
alhixed positions of sheets in drop down list format and 1n a
selectable manner on the display 14. Upon selection of a
sheet athixed position, which 1s displayed in the sheet atlixed
position selection section 1452 1n drop down format, the
selected sheet atlixed position 1s superimposed on the draw-
ing image and the sheet information acquisition unit 23
displays 1n the sheet aflixed position display section 1453.
When the upload button 1436 1s pressed, the sheet informa-
tion acquisition unit 23 sends a signal indicating the sheet
information that includes the site name selected 1n the site
name selection section 1451 and the sheet athxed position
selected 1n the sheet aflixed position selection section 1452
to the first server 2 (S603).

Upon sending of the sheet information from the terminal
device 1, the sheet information recording unit 42 of the first
server 2 requests the sheet image from the terminal device
1 (S604). Upon receipt of the request for the sheet image, the
sheet 1mage acquisition unit 24 of the terminal device 1
captures an 1mage of the sheet aflixed to the crack (5605),
and sends signals indicating the captured sheet image and
the measurement date to the first server 2 (5606).

FIG. 22 1s a drawing 1llustrating an example of a second
sheet 1mage send screen displayed on the display 14
whereby the terminal device 1 that has received the request
in S604 sends a sheet 1image acquired at the time of the
second or subsequent 1maging 1 S606.

Upon completion of the capturing of the sheet 1mage, the
sheet 1mage acquisition unit 24 displays a second sheet
image send screen 146 on the display 14. The second sheet
image send screen 146 includes a captured image display
section 1461, an 1imaging conditions display section 1462, an
upload button 1463, and a cancel button 1464 that erases the
captured 1image. The image captured by the image capturing
umt 16 1s displayed in the captured image display section
1461. Imaging conditions such as the site name, sheet atlixed
position, sheet position, and the like are displayed in the
imaging conditions display section 1462. When the upload
button 1463 1s pressed, the sheet image acquisition unit 24
sends signals indicating the sheet image and the measure-
ment date to the first server 2 (5606).

Upon sending of the sheet image and the measurement
date sent from the terminal device 1, the measurement cycle
updating unit 45 of the first server 2 records update mea-
surement information including the sent sheet image, mea-
surement date, and the like (S607). Next, the measurement
cycle updating unit 45 of the first server 2 updates the
measurement cycle at which to measure the crack width of
the crack on which the sheet 1s afhixed (S608). Then, the
measurement cycle output unit 46 sends a signal indicating
the updated measurement cycle to the terminal device 1
(5609). The measurement date display unit 25 of the termi-
nal device 1 calculates the next measurement date of the
crack width of the crack on which the sheet 1s aflixed on the
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basis of the sent measurement cycle, and displays the next
calculated measurement date on the display 14 (5610).

FI1G. 23 1s a more detailed tflowchart of the processing of
S607.

First, the update mformation recording unit 451 acquires
the sheet image and the measurement date sent from the
terminal device 1 (8701). Next, the update information
recording unit 451 issues and allocates a new measurement
ID (S702). Then, the update information recording unit 451
associates the measurement ID allocated in the processing of
S702 with the sheet ID allocated 1n the processing of S303
(S703). Next, the update information recording unit 451
records the sheet image sent from the terminal device 1
(S704), and also records the measurement date sent from the
terminal device 1 (5705). Then, the update information
recording unit 451 calculates a post-deformation moire
parameter (5706), and stores the calculated post-deforma-
tion moire parameter in the first server memory unit 32.

The post-deformation moire parameter includes the pitch
of the moire after deformation, namely a second pitch
moire_pitch2, and the inclination angle of the moire after
deformation, namely a second angle of inclination
moire_02. The methods for calculating the second pitch
moire_pitch2 and the inclination angle of the moire after
deformation, namely the second angle of inclination
moire_02 are the same as the methods for calculating the
first pitch moiré_pitchl and the first angle of inclination
moire_01. As such, detailed description thereof is omitted.

Next, the crack growth width estimation unit 452 calcu-
lates the amount of change 1n the pitch of the first pattern 121
from before to after deformation from the pre-deformation
moire parameter and the post-deformation moire parameter,
and estimates the crack growth width from the calculated
amount of change of the pitch (S707).

FI1G. 24 1s a first diagram for explaining the processing of
S707. An iterval between a plurality of parallel straight
lines P11 (depicted as solid lines) extending in a first
direction represents the pre-deformation pitch of the first
pattern 121, “pitch”; and an interval between a plurality of
parallel straight lines P12 (depicted as dashed lines) extend-
ing in the first direction represents the post-deformation
pitch of the first pattern 121, “pitch+Apitch_st.” Addition-
ally, an 1nterval between a plurality of parallel straight lines
P2 (depicted as solid lines) extending in a second direction
represents the pitch of the second pattern 122, “pitch.” The
pitch of the second pattern 1s the same as the pitch of the first
pattern 121. Additionally, an interval between a plurality of
parallel straight lines M1 (depicted as dot-dash lines) rep-
resents the first pitch moiré_pitchl of the pre-deformation
moire, and an interval between a plurality of parallel straight
lines M2 (depicted as dot-dot-dash lines) represents the
second pitch moire_pitch2 of the post-deformation moire.
The X-direction component of the second pitch moi-
re_pitch2 is represented as moire_pitch_x, and the Y-direc-
tion component of the second pitch moire_pitch2 1s repre-
sented as moire_pitch_y. The sheet 101 deforms in the X
direction, that 1s, the direction orthogonal to the first direc-
tion. Accordingly, the Y-direction component of the pitch of
the moire does not change from before to after deformation
of the sheet 101, and is constant at the moire_pitch_y.

The Y-direction component moiré_pitch_y, indicated as
“a” 1n FIG. 24, of the second pitch of the moire 1s expressed
from the first pitch moire pitchl of the pre-deformation
moire and the offset angle offset_0 by:
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moire_pitch 1nit |Equation 1]

cos({offset _6/2)

moire_pitch y=a =

FIG. 25A 15 a second diagram for explaining the process-
ing of S707. FIG. 25B i1s a third diagram for explaining the
processing ol S707. FIG. 25A 15 a partially exploded view of
a portion of FI1G. 24 surrounded by the dashed line indicated
by the arrow A. In FIG. 25A, oflset_0 represents the oflset
angle, pitch represents the pitch of the pre-deformation first
pattern 121 and the pitch of the pre-deformation second
pattern 122, Apitch_st represents the amount of change of
the pitch of the first pattern 121 from belore to after
deformation, and moiré_01 represents the first angle of
inclination. Additionally, an inclination pitch pitch_sl and a
difference inclination pitch Apitch_sl are varniables that are
used 1n calculations. The inclination pitch pitch_sl 1s defined
by the pitch and the first angle of inclination moire_01 of the
second pattern 122, and the difference inclination pitch
Apitch_sl 1s a difference between the inclination pitch
pitch_sl and the pitch of the second pattern 122.

The offset angle offset_0 1s expressed from the difference

inclination pitch pitch_sl and a length represented as x 1n
FIG. 25A by:

Apitch_sl

X

tion 2
tan(oftset_8) = [Equation 2|

Additionally, the first angle of inclination moire 01 is

expressed from the pitch of the pre-deformation first pattern
121 and the length represented as x in FIG. 25A by:

|Equation 3]

tan(moire 61) = oitch

The diference inclination pitch Apitch_sl 1s expressed by
expanding these two equations by:

Apitch_sl=pitch-tan{offset_0)-tan(moire_01) [Equation 4]

On the other hand, the inclination pitch pitch_sl 1s
expressed from the pitch of the pre-deformation first pattern
121 and the difference inclination pitch Apitch_sl by:

pitch_si=pitch+Apitch_s/ Equation 3]

Additionally, the amount of change Apitch_st of the pitch
of the first pattern 121 from before to after deformation, the
inclination pitch pitch_sl, and the difference inclination
pitch Apitch_sl are expressed by:

pitch_sl |Equation 6]

2

n - (Apitch_st— Apitch_sl) =

L P b

Here, “n” 1s a multiple showing how many times the
inclination pitch pitch_sl a half cycle of the X component
moire_pitch_x of the second pitch of the post-deformation
moire 1s equal to. From the equations described above, the
multiple n 1s expressed by:

pitch_sl |Equation 7]

" = 2 (Apitch— Apitch._s)
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On the other hand, the X component moire_pitch_x of the
second pitch of the post-deformation moire, the inclination
pitch pitch_sl, and the multiple n are expressed by:

moire_pitch_x=2-n-pitch_si [Equation 8]

From these relationships, the X component moire_pitch_x
of the second pitch of the post-deformation moire can be
expressed by:

pitch_sP [Equation 9]

Apitch_st — Apitch_sl

moire_pitch X =

Additionally, as 1llustrated in FIG. 25B, the X component
moire_pitch_x of the second pitch of the post-deformation
moire, the Y component moire pitch_y of the second pitch
of the post-deformation moire, and the second angle of
inclination moire_02 can be expressed by:

moire_pitch y |Equation 10]

tan(moire_&2) = . .
moire_pitch x

From the equations described above, the amount of
change Apitch_st of the pitch of the first pattern 121 from
betfore to after deformation 1s expressed by:

pitch_sl* - tan(moire 62) [Equation 11]

moire_pitch y

Apitch_st = + Apitch_sl

wherein

Apitch_s/=pitch-tan(offset_0)-tan(moire_01), and [Equation 12]

pitch_si=pitch+Apitch_s/ [Equation 13]

The crack growth width estimation unit 452 calculates the
amount of change Apitch_sl of the pitch of the first pattern
121 from before to after deformation using Equation (1).

The crack growth width estimation unit 452 calculates the
growth width of the crack by multiplying the amount of
change Apitch_st of the pitch of the first pattern 121 from
betfore to after deformation by the number of straight lines
of the first pattern 121 included in the region where the pitch
changes. A detailed explanation of the calculation method of
the growth width of the crack is described 1n Japanese Patent
Application No. 2015-183136, filed on Sep. 16, 2015.

Then, the update information recording unit 451 records
the growth width of the crack estimated 1n the processing of
S707 (5708). Additionally, the update information recording
unit 451 updates the crack width recorded in the sheet
information on the basis of the growth width of the crack
estimated 1n the processing of S707 (S709).

The processing of S608 that 1s executed by the cycle
update unit 453 of the measurement cycle updating unit 45
1s the same as the processing of S112 described while
referencing FI1G. 17. As such, detailed description thereof 1s
omitted. The cycle update unit 453 may include a quantifi-
cation unit 441, a total value calculation unit 442, a first
judgment unit 443, and a second judgment unit 444, and may
execute the processing of S608 in a manner similar to the
measurement cycle determination unit 44. Additionally, the
cycle update umit 453 may command the measurement cycle
determination unit 44 to execute the processing of S608.
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FIG. 26 1s a drawing illustrating an example of the site
information and the drawing information recorded in the
processing of S104, the sheet information including the
crack width updated in the processing of S607, and the
measurement information including the growth width of the
crack recorded in the processing of S607. The sheet infor-
mation and the measurement information are stored in the
first server memory unit 32.

In the measurement information, the estimated crack
growth width 1s the value estimated in the processing of
S707. Additionally, 1n the sheet information, the crack width
1s a value obtained by adding the estimated crack growth
width of the measurement mmformation to the mitial crack
width depicted 1n FIG. 19. That 1s, the estimated crack
growth width 1s estimated on the basis of a comparison of a
moire corresponding to previously acquired image data and
a moire corresponding to presently acquired image data.

Instead of only a single sheet, the measurement cycle
determination system 100 may execute the measurement
cycle determination processing described while referencing
FIG. 6 and the measurement cycle update processing
described while referencing FIG. 20 on a plurality of sheets.
When the measurement cycle determination processing and
the measurement cycle update processing 1s executed on a
plurality of sheets, the site information, the drawing infor-
mation, the sheet information, and the measurement cycle
corresponding to each of the plurality of sheets are stored 1n
the first server memory unit 32.

[

Advantageous Eflects of the Measurement Cycle
Determination System According to the First
Embodiment

The measurement cycle determination system (the mea-
surement cycle determination device, program, method, and
the like) according to the first embodiment determines the
measurement cycle at which to measure the width of a crack
in a structure on the basis of at least one of geographic
information, weather information, structure information,
and crack information and, as such, the measurement cycle
of the width of the crack can be changed depending on the
condition of the structure.

Additionally, the measurement cycle determination sys-
tem according to the first embodiment updates the measure-
ment cycle on the basis of crack information such as the

growth width of the crack and, as such, the measurement
cycle of the width of the crack can be changed in accordance
with changes in the condition of the crack.

Additionally, the measurement cycle determination sys-
tem according to the first embodiment estimates the growth
width of the crack on the basis of sheet images 1n which
moires are captured and, as such, the growth width of the
crack can be estimated easily and with excellent accuracy.

Additionally, the measurement cycle determination sys-
tem according to the first embodiment determines the mea-
surement cycle on the basis of the total value of numerical
values obtained by quantitying items included in the geo-
graphic information, the weather information, the structure
information, and the crack information and, as such, the
measurement cycle can be configured 1n accordance with the
environment of the structure and the condition of the crack.

Additionally, the measurement cycle determination sys-
tem according to the first embodiment determines the mea-
surement cycle while taking the total value of numerical
values obtained by quantitying the items and also the width
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of the crack into consideration and, as such, a more suitable
measurement cycle can be configured 1n accordance with the
width of the crack.

Configuration of a Measurement Cycle 5
Determination System According to a Second
Embodiment

A measurement cycle determination system according to
a second embodiment includes the terminal device 1, the 1°
second server 7, the structure information database 3-1, the
geographic information database 3-2, and the weather infor-
mation database 3-3.

Configuration and Function of the Second Server 15
According to the Second Embodiment

FIG. 27 1s a drawing illustrating an example of a sche-
matic configuration of an example of the measurement cycle
determination device according to the second embodiment, 20
namely the second server 7.

The second server 7 includes a second server communi-
cation unit 231, a second server memory unit 232, a second
server output unit 233, a second server input unit 234, and
a second server processing unit 50. The second server 25
communication unit 231, the second server memory unit
232, the second server output unit 233, and the second server
input unit 234 have the same configurations as the {first
server communication unit 31 to the first server mput unit
34, respectively. As such, detailed description thereof 1s 30
omitted. The second server processing umt 50 differs from
the first server processing unit 40 1n that 1t includes a
measurement path generation unit 51. The measurement
path generation unit 31 includes a measurement path nfor-
mation generation unit 511 and a measurement path signal 35
output unit 512. The second server 7 cooperates with the
terminal device 1 1n the same manner as the first server 2 to
execute the measurement cycle determination processing
described while referencing FIG. 6 and the measurement
cycle update processing described while referencing FIG. 40
20. In addition to executing the measurement cycle deter-
mination processing and the measurement cycle update
processing, the second server 7 also captures images of
sheets disposed at a plurality of sites, and executes mea-
surement path generation processing in which measurement 45
path information including a measurement path for when
measuring the width of a crack to which the sheet 1s aflixed.

Measurement Path Information Generation
Processing by the Measurement Cycle 50

Determination System According to the Second
Embodiment

FIG. 28 1s a flowchart illustrating the measurement path
information generation processing by the measurement path 55
generation unit 51.

First, the measurement path information generation unit
511 acquires a measurement path generation command
instructing the generation of measurement path information
including a path for when measuring the width of a crack by 60
capturing an 1mage ol a sheet (S801) and, also, acquires a
measurement range indicating a region including the sheet
for which the measurement path 1s to be generated (S802).
The measurement path generation command acquired by the
measurement path information generation unit 511 includes 65
a scheduled measurement date. The measurement path gen-
eration command and the measurement range may be
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acquired simultancously, or the measurement path genera-
tion command and the measurement range may be acquired
sequentially, in this order. Additionally, the measurement
path generation command and the measurement range may
be acquired from the terminal device 1 or may be acquired
via the second server mput umt 234.

Next, the measurement path information generation unit
511 extracts a measurement candidate representing the sheet
to be imaged for measuring the width of the crack from
among the sheets included in the measurement range
acquired 1n the processing of S802 (S803). Specifically, the
measurement path information generation unit 511 first
extracts the sheets included 1in the measurement range
acquired 1n the processing of S802. Then, the measurement
path information generation unit 511 calculates the next
measurement date for each sheet included 1n the measure-
ment range on the basis of the measurement date included in
the latest measurement information of the extracted sheets
and the measurement cycle included 1n the sheet informa-
tion. Next, the measurement path information generation
unit 511 extracts measurement candidates on the basis of the
next calculated measurement date. In one example, the
measurement path mformation generation unit 511 extracts
sheets, for which the next calculated measurement date 1s
within a predetermined period from the measurement date,
as the measurement candidates. In another example, the
measurement path information generation unit 511 extracts
a predetermined number of sheets, 1 order of closeness of
the next calculated measurement date to the measurement
date, as the measurement candidates (S803).

Additionally, the work schedule of a measurer may be
taken 1nto consideration. For example, 1n a case where the
next scheduled measurement date of sheets at three locations
are recorded 1n the sheet information as August 3 (sheet
AAA), August 16 (sheet AAB), and August 18 (sheet AAC),
if the work schedule of the measurer 1s once per month, and
the next work 1s scheduled for August 1, the measurement
path information generation unit 511 extracts all three of the
locations as the measurement candidates. Alternatively, 1f
the work schedule of the measurer 1s twice per month and
the next work 1s scheduled for August 1 and August 135, the
measurement path information generation unit 511 extracts
sheet AAA as the measurement candidate for August 1 and
the sheet AAB and the sheet AAC as the measurement
candidates for August 15.

Next, the measurement path information generation unit
511 generates measurement path information including a
path for when measuring the width of the cracks by captur-
ing 1mages ol the measurement candidates extracted 1n the
processing of S803 (5804). The measurement path informa-
tion generation unit 511 generates the measurement path
information including the path for when measuring the
width of the crack of each of the plurality of structures, on
the basis of the measurement cycle information stored 1n the
second server memory unit 232 and positional relationship
information indicating a positional relationship of each of
the plurality of structures. The measurement path informa-
tion generation unit 311 may generate the path for when
measuring the widths of the cracks using publicly known
path searching algorithms such as random searching, simu-
lated annealing, or a genetic algorithm.

FIG. 29 1s a drawing illustrating an example of the
measurement path imformation generated by the second
server 7 1n the processing of S805.

Measurement path information 290 includes a map image
corresponding to the measurement range, numbers indicat-
ing a measurement order of the measurement candidates
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disposed 1n the map 1mage, and paths between each of the
measurement candidates disposed 1n the map 1mage. In the
measurement path information 290, numbers indicating the
measurement order are displayed at points indicated by
arrows A to C. Measurement order “1” 1s displayed at the
point indicated by arrow A, measurement order “27 1s
displayed at the point indicated by arrow B, and measure-
ment order “3” 1s displayed at the point indicated by arrow
C. Additionally, a path between the point indicated by arrow
A and the point indicated by arrow B, and a path between the
point indicated by arrow B and the point indicated by arrow
C are 1illustrated 1n the measurement path information 290.

Then, the measurement path signal output unit 512 out-
puts a measurement path signal indicating the measurement
path mnformation including the measurement path generated
in the processing of S804 to the terminal device 1 (S805).

Advantageous Effects of the Measurement Cycle
Determination System According to the Second
Embodiment

The measurement cycle determination system according
to the second embodiment generates the measurement path
information including the path for when measuring the
width of the crack of each of the plurality of structures, on
the basis of the measurement cycle information and the
positional relationship information indicating the positional
relationship of each of the plurality of structures. As such,
suitable paths can be provided to the inspector.

Configuration of a Measurement Cycle
Determination System According to a Third
Embodiment

A measurement cycle determination system according to
a third embodiment includes the terminal device 1, a search
terminal device 8, a third server 9, the structure information
database 3-1, the geographic information database 3-2, and
the weather information database 3-3.

FIG. 30 1s a drawing illustrating an example of a sche-
matic configuration of the search terminal device 8.

The search terminal device 8 1s, for example, a multi-
function mobile phone and includes a search communication
unit 61, a search short-range communication unit 62, a
search operation unit 63, a search display 64, a search
memory unit 65, a search 1image capturing unit 66, a search
positioning system umt 67, a search clock unit 68, and a
search processing unit 70. The search communication unit
61 to the search clock unit 68 have the same configurations
as the terminal communication unit 11 to the clock unit 18,
respectively. As such, detailed description thereof 1s omitted.

In FIG. 30, a single search terminal device 8 1s 1llustrated,
but the measurement cycle determination system according,
to the embodiments may include a plurality of search
terminal devices 8. Additionally, the search terminal device
8 1s used by a general user, not by an 1nspector carrying out
maintenance mspection work of a structure such as a bridge,
levee, tunnel, or the like. The search terminal device 8
displays a point map on which points are disposed at the
positions of sites where sheets are athxed. The points
disposed on the point map are values whereby each corre-
sponding crack 1s weighted. The points corresponding to the
sheets are weighted so as to increase the fewer the number
of days until the measurement date when the sheet 1s to be
imaged and the width of the crack 1s to be measured.
Additionally, a search application, which displays the total
points accumulated when capturing images of the sheets
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corresponding to the points disposed on the displayed point
map, 1s installed 1n the search terminal device 8. The user

using the search terminal device 8 can get the points
displayed on the point map by capturing images of the sheets
corresponding to the points and sending 1image data repre-
senting the images 1including the captured sheets to the third
server 9. In one example, the points accumulated by the user
can be exchanged for discount coupons for shopping at a
predetermined supermarket, for discount coupons for use
fees at a predetermined leisure facility, or the like.

The search processing unit 70 1s provided with one or a
plurality of processors and peripheral circuits thereof. The
search processing unit 70 integrally controls the overall
operations of the search terminal device 8 and, for example,
1s a central processing unit (CPU). The search processing
unmt 70 controls the operations of the search communication
unit 61, the search short-range communication unit 62, and
the like so that the various processes of the search terminal
device 8 are executed with appropriate procedures corre-
sponding to the programs stored in the search memory unit
65, the operations of the search operation unit 63, and the
like. The search processing unit 70 executes processing on
the basis of the programs (the driver programs, the operating
system programs, the application programs, and the like)
stored 1n the search memory unit 65. Additionally, the search
processing unit 70 can execute a plurality of programs (the
application programs and the like) 1n parallel.

The search processing unit 70 includes a search applica-
tion start-up notification unit 71, a position niormation
acquisition unit 72, a position mmformation acquisition unit
73, a map iformation acquisition unit 74, a sheet informa-
tion acquisition unit 75, a sheet 1mage acquisition unit 76,
and a point display unit 77. Each of the units of the search
processing unit 70 1s a functional module that 1s 1mple-
mented by a program executed on the processor of the search
processing unit 70. Alternatively, each of the components
that 1s provided in the search processing unit 70 may be
implemented in the search terminal device 8 as an 1ndepen-
dent integrated circuit, microprocessor, or firmware.

Configuration and Function of the Third Server
According to the Third Embodiment

FIG. 31 1s a drawing illustrating an example of a sche-
matic configuration of an example of the measurement cycle
determination device according to the third embodiment,
namely the third server 9.

The third server 9 includes a third server communication
umt 331, a third server memory unit 332, a thurd server
output unit 333, a third server input unit 334, and a third
server processing unit 80. The third server communication
unmit 331 to the third server input unit 334 have the same
configurations as the first server communication unit 31 to
the first server mput unit 34, respectively. As such, detailed
description thereof 1s omitted. The third server processing
umt 80 differs from the first server processing unit 40 in that
it includes a search information generation unit 81 and a
search information provision unit 82. The search informa-
tion generation unit 81 includes a scheduled measurement
date calculation unit 811, a point generation unit 812, a point
recording unit 813, and a map information generation umnit
814. The search information provision unit 82 includes a
search terminal information acquisition unit 821, a map
information output unit 822, a point information update unit
823, and a point mnformation output unit 824. The third
server 9 cooperates with the terminal device 1 1n the same
manner as the first server 2 to execute the measurement
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cycle determination processing described while referencing
FIG. 6 and the measurement cycle update processing
described while referencing FIG. 20. The third server 9
executes the measurement cycle determination processing
and the measurement cycle update processing and, also,
search information generation processing in which search
information 1s generated in which the sheets aflixed to the
cracks are converted to points, and search information

provision processing in which the generated search infor-
mation 1s provided.

Search Information Generation Processing by the

Measurement Cycle Determination System
According to the Third Embodiment

FIG. 32 1s a flowchart illustrating an example of the
search 1nformation generation processing by the search
information generation unit 81.

First, the scheduled measurement date calculation unit
811 calculates a scheduled measurement date when the crack
width 1s to be measured next from the measurement date
recorded 1n the measurement information and the measure-
ment cycle recorded 1n the sheet information for each sheet
to which a sheet ID 1s allocated (S901). Next, the point
generation unit 812 generates points on the basis of the
number of days until the scheduled measurement date when
the width of the crack on which the sheet 1s affixed 1s to be
measured for each of the sheets to which a sheet ID 1s
allocated (8902). For example, the point generation unit 812
may generate 1 point when the number of days until the
scheduled measurement date 1s 1-month, 3 points when the
number of days until the scheduled measurement date 1s
2-weeks, and 5 points when the number of days until the
scheduled measurement date 1s 1-week. Next, the point
recording unit 813 records the points generated by the point
generation unit 812 in the sheet information (5S903). Then,
the map information generation unit 814 generates a point
map on which the points are displayed by disposing the
points recorded 1n the processing of S903 at positions 1n a
predetermined map 1mage that correspond to the site posi-
tion information recorded in the site mmformation of each
sheet (S904). The point map 1s an example of search
information obtained by converting the sheets aflixed to the
cracks into points.

FIG. 33 1s a drawing 1illustrating an example of a point
map generated by the third server 9 1n the processing of
S904.

In a point map 330, points are displayed at geographic
points 1ndicated by arrows A to C. Point *“5” 1s displayed at
the geographic point indicated by arrow A, pomnt “1” 1s
displayed at the geographic point indicated by arrow B, and
point “3” 1s displayed at the geographic point indicated by
arrow C.

Measurement Cycle Determination Processing by
the Measurement Cycle Determination Device
According to the Third Embodiment

FIG. 34 1s a flowchart of measurement cycle determina-
tion processing by the measurement cycle determination
system 100.

First the search application start-up notification unit 71
notifies the third server 9 of the start-up of the search
application in accordance with the user starting up the search
application for searching for sheets corresponding to points
(S1001). Upon being notified of the start-up of the search
application, the search terminal information acquisition unit
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821 requests a user ID from the search terminal device 8
(51002). Upon receipt of the request for the user ID from the
third server 9, the search terminal mmformation acquisition
unit 821 acquires the user ID stored in the search memory

unit 65 or the like, and sends a signal indicating the acquired
user ID to the third server 9 (S1003). Next, the search

terminal information acquisition umt 821 stores the sent user
ID and also requests position information from the search
terminal device 8 (51004). Next, the position information
acquisition unit 73 sends a signal indicating the position
information acquired by the positioning system unit 17 to
the third server 9 (51005). Next, the map information output
unmt 822 selects a point map including the geographic point
indicated by the sent position information, and sends the
selected point map and the sheet information of the sheets
included in the selected point map to the search terminal

device 8 (51006).

Next, the map information acquisition unit 74 displays the
point map sent from the third server 9 on the search display
64 (51007). Next, when a distance, based on the position
information acquired by the positioning system unit 17,
between any sheet on the point map for which points are
shown and the search terminal device 1s less than or equal to
a predetermined threshold, the sheet information acquisition
umt 75 displays the sheet information on the search display
64 (S1008). The sheet information displayed on the search
display 64 1s information indicating the athxed position of
the sheet at the site and, in one example, 1s an 1mage in
which the aflixed position of the sheet for which points are
shown 1s superimposed on the drawing 1image and displayed,
the same as 1n the sheet athixed position display section 14353
illustrated i FIG. 21.

Next, the sheet 1mage acquisition unit 76 captures an
image of the sheet aflixed to the crack on the basis of a
command of the user using the search terminal device 8
(51009), and sends signals indicating the captured sheet
image and the measurement date to the third server 9
(51010).

Upon sending of the sheet image and the measurement
date from the search terminal device 8, the measurement
cycle updating umt 45 of the third server 9 records update
measurement imnformation including the sent sheet image,
measurement date, and the like (S1011). Next, the measure-
ment cycle updating unit 45 of the third server 9 updates the
measurement cycle at which to measure the crack width of
the crack on which the sheet 1s athixed (81012). The pro-
cessing ol S1011 and S1012 are the same as the processing
of S607 described while referencing FIG. 23 and S112
described while referencing FIG. 18. As such, detailed
description thereof 1s omatted.

Next, the point information update unit 823 adds the
points corresponding to the sheet for which the update
measurement information was recorded 1n the processing of
S1011 to the number of points associated with the user 1D
stored 1n the processing of S1003 and stored, and updates the
point information (S1013). Next, the point information
output unit 824 sends a signal indicating the point informa-
tion updated 1n the processing ol S823 to the search terminal
device 8 (51014). Then, the point display unit 77 displays
the point information sent 1n the processing of S1014 on the
search display 64 (S1015).

Advantageous Effects of the Measurement Cycle
Determination System According to the Third
Embodiment

The measurement cycle determination system according
to the third embodiment weights each of the plurality of



US 10,955,356 B2

31

cracks on the basis of the measurement cycle mformation
and, thereby, can provide, as a weighting signal, point
information 1 which the plurality of cracks 1s ordered
according to the days until the next measurement date. With
the measurement cycle determination system according to
the third embodiment, the point information 1s provided to
general users other than inspectors as points that are
exchangeable for discount coupons for shopping or the like.

As such, general users other than inspectors can be ncen-
tivized to measure the widths of the cracks.

Modified Examples of the Measurement Cycle
Determination System According to the
Embodiments

With the measurement cycle determination system
according to the first to third embodiments, the measurement
information recording unit 43, update information recording
unit 451, and the like, which acquire and record the sheet
image, function as crack information acquisition units that
acquire crack information for cracks that have occurred 1n
structures. However, with the measurement cycle determi-
nation system according to the embodiments, the crack
information for cracks that have occurred 1n structures 1s not
limited to sheet images in which moirés occurring in the
sheets are captured. For example, a configuration 1s possible
in which a PDA 1s provided with a function corresponding
to the crack growth width estimation unit that estimates the
crack growth width from the moire displayed in the sheet
image. In this case, the crack information for a crack that has
occurred 1n a structure may be the estimated crack growth
width, or a crack width calculated by adding the estimated
crack growth width to the crack width measured at the
previous measurement.

Additionally, with the measurement cycle determination
system according to the first to third embodiments, the
measurement cycle at which the width of the crack 1s
measured 1s determined on the basis of the geographic
information, the weather information, the structure informa-
tion, and the crack information. However, with the measure-
ment cycle determination system according to the embodi-
ments, a configuration 1s possible in which the measurement
cycle at which the width of the crack 1s measured 1is
determined on the basis of at least one of the geographic
information, the weather information, and the structure
information, and also the crack information. Additionally,
with the measurement cycle determination system according,
to the embodiments, a configuration is possible 1n which the
measurement cycle at which the width of the crack 1s
measured 1s determined on the basis of at least one of the
geographic information, the weather information, the struc-
ture information, and the crack information.

Additionally, with the measurement cycle determination
system according to the first to third embodiments, the
determined or updated measurement cycle 1s output to a
PDA as the measurement cycle immformation. However, a
configuration 1s possible in which the measurement cycle
determination system outputs the measurement cycle infor-
mation related to the determined or updated measurement
cycle to a PDA. For example, a configuration 1s possible 1n
which the measurement cycle information outputted to the
PDA 1s a date when next measuring the width of the crack,
or an alert indicating that a date for measuring the width of
the crack 1s closer than a predetermined date threshold value.

Additionally, with the measurement cycle determination
system according to the third embodiment, the measurement
cycle determination processing was executed using a point
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map generated in advance by the search information gen-
cration umt 81. However, with the measurement cycle
determination system according to the embodiments, a point
map need not necessarily be used. With the measurement
cycle determination system according to the embodiments,
a configuration 1s possible i which the search terminal
device superimposes points, according to corresponding
position information, on a map that is acquirable via the
internet, and displays this map.

Users of the Measurement Cycle Determination
System According to the Embodiments

It 1s expected that the measurement cycle determination
system will be used by various types of users. For example,
use by countries and local governments that are the owners
of bridges and tunnels located on national highways and the
like, private companies that are the owners of bridges and
tunnels located on private raillways and the like, and man-
agement companies (private and public) that are hired to
perform services 1s contemplated. Additionally, use by own-
ers and management companies when assuming inirastruc-
ture such as factories, warchouses, oflice buildings, and the
like 1s contemplated. Furthermore, use by owners and man-
agement companies and also residents and management
associations when assuming infrastructure such as residen-
tial condomimiums, apartment buildings, and the like 1s
contemplated. Moreover, in the third embodiment, use by
the general population, incentivized by the users described
above, 1s also contemplated.

The mvention claimed 1s:

1. A measurement cycle determination device, compris-

ng:

a related information acquisition unit configured to
acquire at least one of geographic information includ-
ing items related to a geography of a site where a
structure 1s located, weather information including
items related to weather at the site, and structure
information including items related to the structure;

a crack mnformation acquisition unit configured to acquire
crack information related to a crack that has occurred 1n
the structure;

a measurement cycle determination unmt configured to
determine, on the basis of at least one of the geographic
information, the weather information, the structure
information, and the crack information, a measurement
cycle at which to measure a width of the crack;

a measurement cycle output unit configured to output a
measurement cycle signal indicating measurement
cycle mnformation related to the determined measure-
ment cycle;

a memory unit configured to store the measurement cycle
information for each of a plurality of structures;

a measurement path mformation generation unit config-
ured to generate, on the basis of the measurement cycle
information stored by the memory unit and positional
relationship information indicating a positional rela-
tionship of each of the plurality of structures, measure-
ment path information including a path for when mea-
suring a width of a crack of each of the plurality of
structures; and

a measurement path output umt configured to output a
measurement path signal indicating the measurement
path information.

2. The measurement cycle determination device accord-

ing to claim 1, further comprising:
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a measurement cycle updating unit configured to update
the measurement cycle on the basis of the crack infor-
mation; wherein

the measurement cycle output unit 1s configured to output
an update measurement cycle signal indicating the
updated measurement cycle.

3. The measurement cycle determination device accord-

ing to claim 2, wherein:

the crack information includes image data representing an
image captured of a sheet atlixed to the crack, the sheet
comprising;

a first layer portion including a first pattern that includes
a plurality of line drawings extending 1n a first direc-
tion; and

a second layer portion including a second pattern that
overlaps the first layer portion and that includes a
plurality of line drawings extending in a second direc-
tion different than the first direction;

a moire occurring in the sheet due to first pattern and the
second pattern overlapping, and

the measurement cycle updating unit including a crack
growth width estimation unit configured to estimate a
growth width of the crack on the basis of a comparison
of the moire corresponding to the image data acquired
previously and the moire corresponding to the image
acquired presently.

4. The measurement cycle determination device accord-

ing to claim 1, wherein:

the crack information includes at least one of a growth
width of the crack and the width of the crack.

5. The measurement cycle determination device accord-

ing to claim 1, wherein:

at least one 1tem 1ncluded 1n the geographic information,
the weather information, the structure information, and
the crack information is associated with a numerical
value; and

the measurement cycle determination unit 1s configured to
determine a predetermined first cycle for the measure-
ment cycle when a total value of numerical values
associated with a predetermined item 1s less than or
equal to a predetermined first threshold value.

6. The measurement cycle determination device accord-
ing to claim 5, wherein the measurement cycle determina-
tion unit includes:

a quantification unit configured to quantily each item
included 1n at least one of the geographic information,
the weather information, the structure information, and
the crack information as a numerical value representing,
a classification;

a total value calculation unit configured to calculate the
total value by adding the numerical values quantified
by the quantification unit; and

a first judgment unit configured to determine the first
cycle for the measurement cycle when the total value 1s
less than or equal to the first threshold value.

7. The measurement cycle determination device accord-

ing to claim 6, wherein:

the measurement cycle determination umit 1s configured to

determine a second cycle shorter than the first cycle for
the measurement cycle when the width of the crack 1s
less than or equal to a second threshold value; and

determine a third cycle shorter than the second cycle for
the measurement cycle when the width of the crack 1s
greater than the second threshold value.

8. The measurement cycle determination device accord-

ing to claim 7, wherein:
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the measurement cycle determination unit further
includes a second judgment unit configured to

determine the second cycle for the measurement cycle
when the total value 1s greater than the first threshold
value and the width of the crack 1s less than or equal to
the second threshold value; and

determine the third cycle for the measurement cycle when
the total value 1s greater than the first threshold value
and the width of the crack 1s greater than the second
threshold value.

9. The measurement cycle determination device accord-

ing to claim 5, wherein:

the measurement cycle determination unit 1s configured to
determine a cycle shorter than the first cycle for the
measurement cycle when the total value 1s greater than
the first threshold value.

10. The measurement cycle determination device accord-

ing to claim 1, wherein:

the measurement cycle information icludes at least one
of the measurement cycle, a date when next measuring
the width of the crack, and an alert indicating that a date
for measuring the width of the crack 1s closer than a
predetermined date threshold value.

11. The measurement cycle determination device accord-

ing to claim 1, further comprising:

a memory unit configured to store the measurement cycle
information for each crack that has occurred in each of
the plurality of structures;

a weighting unit configured to weight each of the cracks
on the basis of the measurement cycle information; and

a weighting signal output unit configured to output a
welghting signal indicating the weighting.

12. A measurement cycle determination method, compris-

ng:

acquiring at least one of geographic information including,
items related to a geography of a site where a structure
1s located, weather information including items related
to weather at the site, and structure information includ-
ing items related to the structure;

acquiring crack information related to a crack that has
occurred 1n the structure;

determinming, on the basis of at least one of the geographic
information, the weather information, the structure
information, and the crack information, a measurement
cycle at which to measure a width of the crack;

outputting a measurement cycle signal indicating mea-
surement cycle information related to the determined
measurement cycle;

storing, by a memory umt, cycle information for each of
a plurality of structures;

generating, by a measurement path information genera-
tion unit, on the basis of the measurement cycle nfor-
mation stored by the memory unit and positional rela-
tionship  information indicating a  positional
relationship of each of the plurality of structures, mea-
surement path information including a path for when
measuring a width of a crack of each of the plurality of
structures; and

outputting, by a measurement path output unit, a mea-
surement path signal indicating the measurement path
information.

13. A non-transitory computer-readable storage medium
comprising instructions that when executed by one or more
computer processors cause the one or more computer pro-
cessors to:

acquire at least one of geographic information including
items related to a geography of a site where a structure
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1s located, weather information including 1tems related
to weather at the site, and structure information includ-
ing items related to the structure;

acquire crack information related to a crack that has
occurred 1n the structure: 5

determine, on the basis of at least one of the geographic
information, the weather information, the structure
information, and the crack information, a measurement
cycle at which to measure a width of the crack;

output a measurement cycle signal indicating measure- 10
ment cycle information related to the determined mea-
surement cycle;

store, by a memory unit, cycle information for each of a
plurality of structures;

generate, by a measurement path information generation 15
unit, on the basis of the measurement cycle information
stored by the memory unit and positional relationship
information indicating a positional relationship of each
of the plurality of structures, measurement path infor-
mation including a path for when measuring a width of 20
a crack of each of the plurality of structures; and

output, by a measurement path output unit, a measure-
ment path signal indicating the measurement path
information.

25

36



	Front Page
	Drawings
	Specification
	Claims

